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A peroxidase genomic gene derived from Jpojnoea 
Jbatatas and a promoter thereof 

FIELD OF THE INVENTION 

The present invention relates to a stress 
inducible promoter. Particularly, it relates to a new 
genomic gene coding a peroxidase isoenzyme of Ipomoea 
batatas and a promoter thereof whose expressions are 
strongly induced under environmental stresses in the 
cultured cells and whole plants, 

The whole or part of the peroxidase gene promoter 
of the present invention can be effectively used to 
develop stress-tolerant plants, resistant to the 
environmental stresses, and to develop transformed 
organisms producing useful materials on a large scale. 

BACKGROUND 

When the most organisms including plants are 
exposed to various environmental stresses generated 
according to the environmental aggravation of earth as 
well as biological stress of bacteria, insect and virus, 
oxygen which is necessary for keeping life changes into 
reactive oxygen species of superoxide anion radical, 
hydrogen peroxide and hydroxyl radical that induce 

1 
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serious physiological disorder. Therefore^- there are 
many systems in the body to get rid of these reactive 
oxygen species such as the macromolecular antioxidati ve 
enzymes of superoxide dismutase (SOD) , peroxidase (POD) 
5 and catalase (CAT) and small molecular antioxidative 
materials of vitamin C, vitamin E and glutathione. 

It has been well known that peroxidase widely 
exists in plant cells as a reducing enzyme which 
reduces hydrogen peroxide in the presence of electron 

10 donor. Peroxidase is becoming the center of interest 
since it has an important role for plant to react on 
the various external stresses and is an industrially 
important enzyme by being used as various clinical test 
reagents because of its sensitive enzyme reaction. 

15 Generally^ the activity of plant peroxidase is 
increased by the various environmental stresses and, 
particularly, is very high in the cultured cells which 
are considered to be grown under the high oxidative 
stress. It has been reported that the cultured cell of 

20 Ipomoea batatas produces peroxidase on a large scale 
than any other cultured cells of plant { Phytochemistry, 
39, 981-984, 1995) . 

The genes coding peroxidase isoenzymes of the 
some plants that are originated from about 20 species 

25 plants of horseradish, barley, wheat, rape, tobacco, 
spinach and rice have been reported. The present 
inventors have isolated the peroxidase gene of Ipomoea 

2. 
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batatas for the first time. We have reported that the 
anionic peroxidase swpal and neutral peroxidase swpnl 
isolated from the cultured cells of Ipomoea batatas are 
specifically expressed in the cultured cells and stem 
5 of Ipomoea batatas^ and plurally exist in genome (Mol. 
Gen. Genet., 255, 382-391, 1997). It has also reported 
that peroxidase can be produced on a large scale by 
transforming the whole or part of these, peroxidase 
genes to plant organisms and cells { Phytochemlstry, 47, 
10 695-700, 1998; Phytochemistry 48, 1287-1290, 1998) . 

In addition, the present inventors have found out 
the nucleic acid sequence of the anionic peroxidase 
gene swpa2 (GeneBank Accession NO. AF109124) and swpa3 

15 (GeneBank Accession No. AF109123) from Ipomoea batatas , 

According to this, swpa2 has 71 signal peptides, swpa3 
has 66 signal peptides, and swpa2 and swpa3 have 1245 
and 1310 bp of nucleic acid sequences coding 358 and 
349 of amino acids, respectively. The isoelectric point 

20 of mature protein expressed by swpa2 and swpaJ is 4.1 
and 4.3, respectively, and this shows that all the 
genes code the anionic peroxidase. AAUAA of typical 
polyadenylat ion signal and poly (A) -tail exist in the 
3 ' -untranslated region of swpa2 and swpaS^ and 

25 particularly, the N-terminal sequence of swpa2 gene is 
completely same as that of major isoenzyme (A-2) from 
the cultured cells of Ipomoea batatas. In addition, the 
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present inventors have demonstrated that swpa2 gene is 
strongly expressed in response to wounding, low 
temperature or ozone treatment in the leaf of Ipomoea 
batatas , on the other hand, swpa3 gene is weakly 
expressed in response to wounding, but strongly 
expressed by low temperature or ozone treatment (Moi. 
Gen. Genet., 261, 941-947, 1999). 



SUMMARY OF THE INVENTION 

It is an object of this invention to provide a 
genomic peroxidase DNA originated from Ipomoea batatas 
and nucleic acid sequence thereof. 

It is a further object of this invention to 
provide a promoter of which expression is strongly 
induced by the various environmental stresses. 

It is an additional object of this invention to 
provide transformed organisms that are resistant to the 
various environmental stresses and a preparing method 
thereof . 

It is also an object of this invention to provide 
transformed organisms that are capable to produce 
useful materials on a large scale and a preparing 
method thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a result analyzed by Southern blot 
for isolating genomic DNA including peroxidase gene of 
Ipomoea batatas of the present invention. 

FIG. 2a shows nucleic acid sequences of the 
genomic gene SWPA2 coding peroxidase of Ipomoea batatas 
of the present invention and amino acid sequences coded 
therefrom. 

FIG. 2b is continued from the nucleic acid 
sequences of genomic DNA SWPA2 coding peroxidase and 
the amino acid sequences coded therefrom of the FIG. 2a. 

FIG. 3 shows nucleic acid sequences of the 
promoter of genomic DNA SWPA2 coding peroxidase of 
Ipomoea batatas . 

FIG. 4 shows a schematic view of preparing 
promoter deletion mutants of genomic DNA SWPA2 coding 
peroxidase of Ipomoea batatas . 

FIG. 5 shows a result of transit assay using the 
promoter deletion mutants of the present invention. 

FIG. 6 shows a result measuring GUS activity of 
the transformed yeast which is introduced with the 
promoter deletion mutant of the present invention. 

FIG. 7a shows a result measuring the induced GUS 
activity in the absence of wounding to the transformed 
tobacco plants which are introduced with the promoter 
deletion mutants of the present invention. 
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FIG. 7b shows a result measuring the induced GUS 
activity in the presence of wounding to the transformed 
tobacco plants which are introduced with the promoter 
deletion mutants of the present invention. 

FIG. 8a shows a result measuring the GUS activity 
in the absence of H2O2 treatment to the transformed 
tobacco plants which are introduced with the promoter 
deletion mutants of the present invention. 

FIG. 8b shows a result measuring the induced GUS 
activity in the presence of H2O2 treatment of 
transformed tobacco plants which are introduced with 
the promoter deletion mutants of the present invention. 

FIG. 9a shows a result measuring the GUS activity 
in the absence of UV irradiation to the transformed 
tobacco plants which are introduced with the promoter 
deletion mutants of the present invention. 

FIG. 9b shows a result measuring the induced GUS 
activity in the presence of UV irradiation of 
transformed tobacco plants which are introduced with 
the promoter deletion mutants of the present invention 

FIG. 10a shows the callus induced from the 
transformed tobacco plants which are introduced with 
the promoter deletion mutants of the present invention 
after GUS staining. 

A; PBS1314 B; pBS1824 

C; control D; pBI121 

FIG. 10b shows results measuring the GUS activity 

6 
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of the callus induced from the transformed tobacco 
plants which are introduced with the promoter deletion 
mutants of the present invention. 

A; pBS1314 B; pBS1824 

C; control D; pBI121 

FIG. 11a shows a cell growth curve of the 
suspension cultured cells induced from the transformed 
tobacco plants which are introduced with the promoter 
deletion mutants of the present invention. 

FIG. lib shows a result of measuring the GUS 
activity of the suspension cultured cells induced from 
the transformed tobacco plants which are introduced 
with the promoter deletion mutants of the present 
invention . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A terminology and technology referred in the 
present detailed description are used as general 
meaning of the technical field which includes the 
present invention. In addition, references mentioned in 
the present detailed description are all included in 
the present detailed description for describing the 
present invention. 

''Derivatives of nucleic acid sequences'' of the 
present invention mean modified nucleic acid sequences 



wo 01/31018 



PCT/KROO/01231 



by substitution, deletion or addition of one or more 
base in the nucleic acid sequence of swpa2 , SWPA2 or 
SWPA2 promoter with keeping its biological activity. 

^'Derivatives of proteins'' of the present 
invention mean modified amino acid sequences by 
substitution, deletion or addition of one or more amino 
acid in the amino acid sequence coded by swpa2 with 
having peroxidase activity. 

'^SWPA2 promoter" means a nucleic acid sequence 
which includes the nucleic acid sequence represented by 
the SEQ. ID NO , 2 and gives a transcription activity to 
genes operably linked thereto under the appropriate 
condition . 

''Active fragment of SWPA2 promoter" means a 
nucleic acid sequence which includes the part of 
nucleic acid sequence represented by the SEQ. ID NO. 2 
and gives SWPA2 promoter activity to genes operably 
linked thereto. 

"Transformed organisms" mean transformed cells or 
plants that are transformed with the DNA construct 
comprising SWPA2 promoter operably linked to a DNA 
sequence coding for a heterologous protein. The 
transformed organisms of the present invention include 
transformed microorganisms, animal cells, plant cells, 
transgenic animals or plants and cultured cells derived 
from them. 

''Environmental stress" means biotic or abiotic 

8 
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stresses such as wounding, reactivate oxygen species, 
tumor, heat, moisture, temperature, salt, air pollution, 
UV, heavy metal, et al. which functions to objective 
organism as a stress. 



Hereinafter, the present invention is described in 
detail . 

The present invention provides the genomic gene 
SWPA2 coding peroxidase originated from Ipomoea batatas 
and nucleic acid sequence thereof. 

The SWPA2 of the present invention comprises the 
whole or part of nucleic acid sequences represented by 
the SEQ. ID NO.l, wherein the DNA sequence includes 
exons coding peroxidase swpa2 of Ipomoea batatas . 

The SWPA2 is a genomic clone having the same ORF 
(open reading frame) as swpa2 by third screening from 
the genomic DNA library of Ipomoea batatas and named as 
natural SWPA2 (see FIG. 2) . 

The natural SWPA2 comprises 3 exons, 2 introns 
and promoter region, and the nucleic acid sequences of 
its exons are completely same as those of swpa2 cDNA 
(Gene Bank Accession No. AF109124). The peroxidase 
genomic clone of Ipomoea batatas comprises considerably 
long intron that, especially, the first intron of them 
is 737 bp. It is longer than 100 - 300 bp of intron in 
any other plant. The each intron of the peroxidase 
genomic clone follows GT-AG rule which 5' end of intron 
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starts with GT and 3' of intron ends with AG. 

In addition, the present invention provides the 
promoter of which expression is induced by various 
environmental stresses . 

In this specification, SWPA2 promoter is used as 
the meaning including SWPA2 promoter and an active 
fragment thereof unless any special limitation is 
described. SWPA2 promoter of the present invention 
comprises the whole or part of nucleic acid sequences 
represented by the SEQ. ID NO. 2 having promoter 
activity. For an example, SWPA2 promoter preferably 
comprises 503 to 1828 of nucleic acid sequence 
represented by the SEQ. ID NO. 2 or the part DNA 
sequence thereof having promoter activity. 

The promoter according to the present invention 
is strongly expressed by environmental stresses and 
derived from the natural SWPA2 of genomic peroxidase 
gene of Ipomoea batatas . 

The natural SWPA2 has promoter region in the 
upstream of translation initiation site and is named as 
SWPA2 promoter. The characteristics on the nucleic acid 
sequence of SWPA2 promoter are analyzed by 
Transcription Element Search Software (TESS) of 
Computational Biology & Informatics Laboratory. As a 
result, SWPA2 promoter comprises nucleic acid sequences 

10 
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represented by the SEQ. ID NO . 2 , and has CAAT box on - 
895 position and TATA box for transcription initiation 
(see FIG. 3) . 

As a result of sequence analysis, it has been 
found that SWPA2 promoter contained regulatory elements 
of eucaryotic promoter, i.e. TATA box for transcription 
initiation and CAAT box at -895 position. In addition, 
SWPA2 promoter has a similar motif to G box represented 
by NNNSACGTGNCM at -445 to -455 region which is a 
binding site of transcriptional regulatory protein and 
regulated by ABA (abscisic acid), methyl jasmonate, UV, 
wounding and hypoxia (Williams, M . et al . , 1992) (see 
Fig. 3), Transcription factor SP-1 which is expressed 
tissue specifically and can be induced by stress, 
exists between G box of SWPA2 promoter and 
transcription initiation site. Furthermore, 6 repeat 
sequence of AAAATAA was found in the SWPA2 promoter 
region . 

SWPA2 promoter also has heat shock element (HSE) 
containing consensus sequence of AGAAN at -1170 to - 
1188 region (see Fig. 3). GCN-4 and AP-1 has been known 
to respond reactive oxygen species, and especially AP-1 
is known as essential element to respond nitrogen at C- 
hordein promoter of barley (Muller, M . et al . , 1993). 
In addition, there are oct-1 and C/EBP beta for 
enhancer element in SWPA2 promoter. GCN-4 is in the 



11 
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three places and AP-1 in the two places. Especially, 
there are inverted repeat sequences of GCN-4 and AP-1 
between -1175 and -1163 region (see Fig. 3) 

The expression of SWPA2 promoter of the present 
5 invention is strongly induced by various external 
factors including oxidative stress. Particularly, since 
it is strongly induced in cultured cell, SWPA2 promoter 
of the present invention can be useful for the 
development of environmental stress-tolerant plants and 
1^0 the production of useful materials using transformed 
plant cells. 

The SWPA2 promoter of the present invention can 
effectively induce the expression of gene by stresses. 
For this, the promoter of the present invention 

15 comprises various transcription factors which recognize 
the stresses by ABA, methyl jasmonate, wounding, 
hypoxia, heat or nitrogen. By using these 
characteristics, it can be used for manufacturing 
fusion gene construct which comprises DNA sequence 

20 having promoter activity and structural gene operably 
linked to this DNA sequence. Since the fusion gene 
construct comprises the structural genes related to the 
production of useful materials and SWPA2 promoter gene, 
and expresses the useful material by regulation of 

25 SWPA2 promoter under various environmental stresses, it 
can be useful for manufacturing transformed organisms 
for the production of useful material. In addition, if 



wo 01/31018 



PCT/KROO/01231 



the structural genes are related to various 
environmental stress resistance in the fusion gene 
construct, it can be used for manufacturing stress- 
tolerant organisms which are resistant to external 
stress . 

The promoter of the present invention is 
functional in microorganism as well as plant, and 
therefore, it can be used for developing .transformed 
plant cells, transformed plants and transformed callus 
derived therefrom, transformed microorganisms and 
transformed animal cells. 



In addition, the present invention provides a 
preparing method of transformed organisms using the 
SWPA2 promoter which can induce the production of 
useful material by various environmental stress. 

The preparing method of transformed organisms 
comprises the steps of; 

1) constructing an expression vector which comprises 
the first DNA sequence representing promoter 
activity which comprises nucleic acid sequence 
represented by the SEQ. ID NO. 2 or the part thereof 
operably linked to the second DNA sequence coding 
the heterologous protein, 

2) introducing the expression vector into a host cell; 
and 

3) selecting the host cell introduced with the 
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expression vector . 

In the preparing method of the present invention^ 
the useful material contains various proteins or 
peptides representing pharmacological effect and a 
material endowing stress resistance to transf ormants . 
Therefore^ the preparing method of the present 
invention is used for developing stres s- tolerant 
organisms and producing the useful materials in 
transformed organisms . 

EXAMPLES 

Practical and presently preferred embodiments of 
the present invention are illustrative as shown in the 
following Examples . 

However, it will be appreciated that those skilled 
in the art, on consideration of this disclosure, may 
make modifications and improvements within the spirit 
and scope of the present invention. 

Example 1 : Analysis of peroxidase genomic DNA 

To find genomic DNA of peroxidase gene swpa2 , the 
present inventors performed Southern blot analysis of 
svjpa2 gene to confirm that it actually existed in the 
Ipomoea batatas genome. 15 fig of genomic DNA was 

14 
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extracted by the method of Dellaporta et al . 
(Dellaporta, Newsletter, 57, 26-29, 1983)v from the 
cultured cells of Ipomoea batatas , digested with 
restriction enzymes EcoRI , Hindi and Hindlll, and 
5 performed agarose gel electrophoresis- After 
transferring genomic DNA on the gel to the nylon 
membrane, hybridization was carried out using the gene 
fragment labeled with ^^P at the specific 3 '-end 
untranslated region of swpa2 gene (Fig. 1) . 

10 As illustrated in Fig. 1, swpa2 gene was detected 

more than 2 bands. It implies that swpa2 gene exists 
plurally on the separate genome. 

Example 2 : Isola-bxon and sequencing analysis of 
15 peroxidase genomic DNA 

To isolate genomic DNA containing peroxidase gene 
swpa2 of the present invention, the present inventors 
performed the experiment as following. 

The genomic DNA library of Ipomoea batatas was 
20 prepared using X Blue STAR™ BamHl Arms vector kit 
(Novagen) . After that, PGR was performed with swpa2- 

specific primer pairs using the genomic DNA library as 
a template. 0.5 kb of PGR product was amplified. 



15 
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labeled with and used for genomic DNA library 

screening of peroxidase in Ipomoea batatas , The genomic 
DNA library screening was carried out by the method of 
Sambrook et al (Molecular cloning: a laboratory manual 
2ed, 1989) - After third library screening, a genomic 
DNA clone having the same open reading frame (ORF) as 
swpa2 was obtained and named as natural SWPA2 . 

Natural SWPA2 had approximately 4 kb of nucleic 
acid sequence represented by the SEQ, ID NO.l and 
consisted of 3 exons, two introns and its promoter 
region (Fig. 2) . It was confirmed that the nucleic acid 
sequence of its exon was completely the same as that of 
swpa2 cDNA sequence. The first intron of peroxidase 
genomic clone in Ipomoea batatas was 737 bp in size 
considerably longer than other plant species of 100 to 
300 bp in size, and both introns followed the GT-AG 
rule beginning 5' -end with GT and ending 3' -end with AG 

Example 3 : Promoter analysis of peroxidase genomic DNA 
SWPA2 

The promoter of natural SWPA2 consisted of nucleic 
acid sequence represented by the SEQ. ID NO. 2 from 
translation initiation site to -1824 bp region of the 
SWPA2 gene (Fig. 3) . Sequence characteristics of the 

16 
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SWPA2 promoter was analyzed using Transcription Element 
Search Software (TESS) of Computational Biology & 
Informatics Laboratory . 

As a result of sequence analysis^ it was found 
that SWPA2 promoter contained regulatory elements of 
eucaryotic promoter, i.e. TATA box for transcription 
initiation and CAAT box at -895 position. It was also 
found a similar motif to G box represented by 
NNNSACGTGNCM at -4 45 to -455 region which was a binding 
site of transcriptional regulatory protein and was 
regulated by ABA, methyl jasmonate, UV, wounding and 
hypoxia (Williams, M. et al . , 1992) (Fig. 3). 
Transcription factor SP-1, which was expressed tissue- 
specifically and could be induced by stress, existed 
between G box of SWPA2 promoter and transcription 
initiation site. In addition, 6 repeat sequence of 
AAAATAA was found. 

SWPA2 promoter also had heat shock element (HSE) 
containing AGAAN consensus sequence at -1170 to -1188 
region (Fig, 3) . GCN-4 and AP-1 were known to respond 
reactive oxygen species, and especially AP-1 was known 
to essential element to respond nitrogen at C-hordein 
promoter of barley (Muller, M . et al., 1993). In 
addition, there were oct-1 and C/EBP beta for enhancer 
element in SWPA2 promoter. GCN-4 was in the three 
places and AP-1 in the two places. Especially, there 

17 
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were inverted repeat sequences of GCN-4 and AP-1 
between -1175 and -1163 region (Fig. 3). 

In result, SWPA2 promoter of the present invention 
contained various stress-recognizing elements including 
reactive oxygen species and could be used for 
developing stress-tolerant plants, and for developing 
the industrial cell lines to produce useful materials 
under stress culture conditions . 

Example 4 : Preparat:ion of deletion mutant: of SWPA2 
promoter 

To make deletion mutant of SWPA2 promoter, the 
present inventors performed PGR to amplify SWPA2 
promoter region using Ex Taq polymerase (Takara) and 
sequence-specific primers. The sequence-specific 
primers consisted of upstream primers represented by 
the SEQ. ID NO. 3 to 7 and downstream primer represented 
by the SEQ. ID NO. 8. All the upstream primers were 
constructed to contain Sail restriction site and the 
downstream primer to contain BamHl restriction site. 
The deleted mutants amplified by PGR using the primer 
pairs were 1824, 1314 , 958, 602 and 354 bp, 
respectively (Fig. 4) . 

After digestion of the resulting PGR products with 

18 
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Sail/ BamHl restriction enzyme, DNA fragments were 
subcioned into pBIlOl plasmid vector (Clontech) which 
contained GUS coding region and NOS transcription 
terminator as binary vector. After that, plasmid vector 
PBS1824, PBS1314, pBS968, pBS602 and pBS354 were 
prepared to contain -1824, -1314, -968, -602 and -354 
deletion construction, respectively, and they were used 
for transit assay, 



Example 5 : Transit assay of SWPA2 prorao-ber usxng 
-tobacco protoplasts 

Transit assay using deletion mutants of SWPA2 
promoter was performed as following. 

First, suspension cultured cells of tobacco BY-2 
(Nlcotlana tabacum L. cv . Bright yellow 2) were 
subcultured for 3 days. After that, cells were treated 
with enzyme solution containing 2% cellulase R-10 and 
0.5% macerozyme for 3 hours to separate their 
protoplasts. After transfection of deletion mutant 
plasmid vectors prepared by the Example 4 into the 
protoplasms using polyethylene glycol method, the 
protoplasts were cultured in the darkness at 25''C for 
16 hours. Fluorescence of protoplasts containing 
deletion mutant plasmid vector was measured using 



19 
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method of Jefferson et al . (Plant Mol. Biol. Ref., 5, 
387-405, 1987), and promoter activities were calculated 
by the produced amount of GUS protein. 

As a result of transit assay, it was found that 
5 especially when SWPA2 promoter containing -1314 
deletion construction was used, GUS activity was 
increased more than 30 times compared with the case of 
using CaMV 35S promoter (Fig. 5) . 

10 Example 6: Expression of SWPA2 promoter xn yeast 

To investigate whether SWPA2 promoter is expressed 
in yeast SaccharomycBS cerevlsiae, the present 
inventors used yeast/E. coll shuttle vector Yep352 
(Hill et al-, 1986) and S. cere\/lslae L3262 as a host. 

15 Each plasmid vector containing deletion mutant of SWPA2 
promoter prepared by the Example 4 which was fused with 
GUS gene and NOS terminator, was introduced into Yep352 
vector, and was transformed into S. cere-^isiae by yeast 
transformation method using PEG and lithium acetate. 

20 After culturing the transformed yeast in SD/URA" medium 
{minimal SD base-UraDO (drop out) supplement, Clontech) , 
promoter activity was investigated by measuring 
fluorescence generated from the transformed yeast via 
the same method of the Example 5 . 



20 



wo 01/31018 



PCT/KROO/01231 



As a result, in case of transformed yeast 
introduced with -1314, -1620 and -1824 deletion 
construction, GUS activity was increased 1.6, 1.4 and 
8.4-fold compared to that of using CaMV 35S promoter, 
5 respectively (Fig. 6). 

Example 7 : GUS expression using SWPA2 promoter in the 
transgenic plants and its cultured cells 

<7-l> Test plants and the preparation of transgenic 
10 plants 

Tobacco plant (Nicotians tabacum cv. Xanthi) was used 
for plant transformation. It was transformed with 
Agrobacterlum fumefaciens LBA4404 which was introduced 
with piasmid vector pBS1824 (-1824 deletion 

15 construction) , pBS1314 (-1314 deletion construction) 

containing deletion mutant of SWPA2 promoter and 
pBI121 containing GUS gene fused to CaMV 35S promoter, 
respectively. Transgenic plants were selected by 
culturing the transformed tobacco in MS medium 

20 (Murashige T. et al . , Physiol Plant, 15, 473-497, 

1962) containing 200 mg/1 of kanamycin and 300 mg/1 of 
claforan. After rooting and shooting step, the 
transgenic plants were moved into little flowerpot for 
growing and used for experiments. 
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To investigate whether the deletion mutant of 
SWPA2 promoter was introduced correctly into the 
transgenic plants, PGR was performed using NPTII primer 
pairs represented by SEQ. ID NO . 9 and 10 and promoter 
primer pairs represented by SEQ. ID NO. 11 and 12. In 
case of using NPTII primer pairs, PGR was performed 30 
cycles of 95°C for 1 min, 65'C for 1 min and 12V for 1 
min, and in case of using promoter primer pairs, it was 
performed 30 cycles of 9bV for 1 min, 62''C for 1 min 
and 72 "C for 1 min. 

As a result, DNA fragment of 0.7 kb in size by 
NPTII primer pairs and 1.0 kb in size by promoter 
primer pairs were detected in the transgenic plants. 
Therefore, it was demonstrated that foreign genes were 
correctly incorporated into the transgenic plants. 

<7-2> Preparation of transformed cell 

To prepare transformed cells, the leaf of 
transgenic plants of which gene incorporation was 
confirmed by the Example <7-l>, was cultured in MS 
medium containing 0,1 mg/1 BAP, 2 mg/1 NAA and 30 g/1 
sucrose to induce callus formation. As a result of this, 
suspension culture of transformed tobacco cell line 
induced from the callus was established. 
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Transgenic tobacco cells of the present invention 
which was transformed with plasmid vector pBS1314 (- 
1314 deletion construction) , was deposited at Korean 
Collection for Type Culture of Korea Research Institute 
of Bioscience and Biotechnology on October, 16, 2000 
(Accession No: KCTC 0875BP) . 

<7-3> Measoizrement of GUS expression In -the transgenic 

plants Induced by stress 

To investigate the expression pattern of SWPA2 
promoter in the transgenic plants induced in response 
to external environmental stress, GUS activity induced 
in response to stress was measured after treatment of 
wounding, H2O2/ or UV to the transgenic plants. 

First, to investigate the expression pattern of 
SWPA2 promoter by wounding, GUS activity was measured 
after hurting the transgenic plants. In result, there 
was no change of GUS expression in the transgenic 
plants introduced with pBI121 vector containing CaMV 
35S promoter-GUS gene. However, in case of the 
transgenic plants introduced with pBS1824 and pBS1314, 
there was increase of GUS expression after 3 days of 
wounding treatment (Fig. 7). In case of pBS1314- 
transgenic plants, GUS expression induced in response 



wo 01/31018 



PCT/KROO/01231 



to wounding was increased about 3.6-fold compared with 
untreated control plants. Although the GUS expression 
of pBS182 4-transgenic plants was lower than that of 
pBS1314 transgenic plants^r the expression pattern of 
5 pBS1824-transgenic plants induced in response to 
wounding was similar to that of pBS1314-transgenic 
plants . 

In addition;, to investigate the expression pattern 
of SWPA2 promoter by H2O2 treatment, 7 mm diameter of 
10 leaf disks prepared from well-grown leaf was floated on 
1 mM H2O2 solution and cultured under continuous light. 
After cultivation, the expression pattern of SWPA2 
promoter induced in response to H2O2 treatment was 
investigated by measuring GUS activity. 

15 In result^ after 48 hours of cultivation, the GUS 

expression of pBS1314-transgenic plants was increased 
5.8-fold compared to untreated control and 1.7-fold 
compared with CaMV 35S-transgenic plants (Fig. 7). In 
case of transgenic plants incorporated with pBS1824 

20 vector, GUS expression was increased 3.2-fold by H2O2 
treatment and 1.2-fold compared with CaMV 35S promoter 
transgenic case . 

Furthermore, after UV irradiation onto tne 
transgenic tobacco plants incorporated with deletion 
25 mutant of genomic peroxidase gene SWPA2 promoter, GUS 
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activity induced in response to UV was measured. As a 
result^ after 24 hours of cultivation, GUS activity of 
pBS1314-transgenic plants was increased about 5.6-foid 
compared with untreated control and about 1.2-fold 
compared with CaMV 35S promoter-transgenic plants (Fig. 
8) . There was 2.5-fold increase of GUS expression by UV 
irradiation in the transgenic plants introduced with 
pBS1824 vector. 

<7-4> The GUS expression of callus and suspension 
culture 

To investigate whether the expression of SWPA2 
promoter of the present invention could be regulated 
with regard to cell growth, GUS activity of transformed 
callus derived from the transgenic plants which was 
introduced with pBS1314, pBS1824 and PBI121 vectors, 
respectively, was measured. 

In result, pBSlSl 4 -transformed callus showed 4- 
fold higher GUS activity than pBI12 1-transf ormed callus 
(Fig. 10a and 10b) 

In addition, as a result of investigating changes 
of GUS activity in the suspension cultured cell derived 
from the transformed callus, transformed callus 
introduced with pBS1314, pBS1824 and pBI121 showed the 
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same growth pattern each other and reached plateau 
after 15 days of cultivation (Fig. 11a and lib). The 
pB1121-transf ormed cells maintained relatively low 
level of GUS expression irrelevant to cell growth- The 
pBS1824-transf ormed cells also maintained constant 
level of GUS expression irrelevant to cell growth, but 
showed higher GUS expression than pBI121-transf ormed 
cells. On the other hand, in case of pBS1314- 
transformed cells, the GUS expression was maintained 
lowly for 5 and 7 days of cultivation, but was 
increased rapidly after 7 days of cultivation. After 15 
days of cultivation, maximum level of GUS expression 
was observed and maintained until the end of 
cultivation time. 



INDUSTRIAL APPLICABILITY 

The present invention provides a new peroxidase 
genomic gene SWPA2 and a promoter thereof from Ipomoea 
batatas which are expressed strongly under 
environmental stress conditions. The whole or part of 
the promoter of the present invention is used to 
develop stress-tolerant plants resistant to 
environmental stresses and transformed organisms of 
cells, plants, microorganisms, etc., producing useful 
materials on a large scale. 
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Those skilled in the art will appreciate that the 
conceptions and specific embodiments disclosed in the 
foregoing description may be readily utilized as a 
basis for modifying or designing other embodiments for 
carrying out the same purposes of the present invention. 
Those skilled in the art will also appreciate that such 
equivalent embodiments do not depart from the spirit 
and scope of the invention as set forth in the appended 
claims . 
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BUDAPEST THEATY OK THE INTHKKArnOKAL RBCOGNmON OF THE DEPOSIT 
OF MICROQSCANISMS FOR THE PURPOSE OF PAtt^TT PROCEDURE 

INTERNATIONAL FORM 

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 

issued pursuant to Rule 7,1 

TO ; KWAK, Ssng-ScxD 

Expo Apt. 307-306, #464-1, Jeonmin-dong. Yusong-ku. Taejon 305-390, 
Republic of Korea 



I . IDENTIFICATION OF THE MCROORGANISM 


Identification reference given by the 
DEPOSITOR: 


Accession number given by the 
INTERNATIONAL DEPOSITARY 
AUTHORITY-; 


BS1314 (Nicotiana tabacum ct. Xaathi) 


KCTC 0875BP 


II , SCIENTIFIC DESCRFTIOK AK^/OF, PROPOSED tayonOIvMC DESIGX'i.ttoK 



The microorganism ideritified under I above was accompanied by: 

[ X ] a scientific descriptiori 

[ ] £ proposed taxonomc designation 

(Mark with a cross where appliciaLle) 



m. RECEIPT AND ACCEPTANCE 



Tnis Xntemational Depositary Authority accepts the imcroorganism identified under I above, 
which was received by it on October 16 2000. 



IV. RECEIPT OF BEQUEST FOR CONVERSION 



The microorganisin identified under I above was received by this International Depositaiy 
Airfho^ on and a request to convert the original deposit to a deposit 

under the Budapest Treaty was recdved by it on 



V. INTERNATIONAL DEPOSITARY AUTHORnT 



Name: Korean Collection for Type Cultures 



Address: Korea Research Institute of 
Bioscience and Biotechnology 
(KRIBB) 

#52, Oun-doug, Yusong-ku, 
Ta^on 305-333, 
Republic of Korea 



Sigiiflture(s> of person(s) having the power 
to rgjresent the International Dqx)sitaiy 
Authority of authorized Qfficial(s): 




BAE, Kyung Book. Director 
Date: October 18 2000 



J 



Fonn BP/4 (KCTC Focnf 





A\ ^ ^ 


fw 11.02 
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Wha-b ±s Claimed ±s 

1. Genomic DNA sequence comprising the whole or part of 
nucleic acid sequence represented by the SEQ. ID 
NO.l which codes peroxidase encoded by swpa2 nucleic 
acid sequence or its derivatives, 

2. DNA sequence representing promoter activity which 
comprises nucleic acid sequence represented by the 
SEQ. ID NO. 2 or the part thereof. 



3 . DNA sequence according 

promoter activity is 
stresses . 

4 . DNA sequence according 

environmental stress 
reactive oxygen species^ 
salt, air pollution, UV- 



to claim 2, wherein the 
induced by environmental 

to claim 3, wherein the 
is induced by wounding, 

heat, moisture, temperature, 
light or heavy metal. 



5. DNA construct comprising the first DNA sequence 
representing promoter activity which comprises 
nucleic acid represented by the SEQ. ID NO . 2 or the 
part thereof operably linked to the second DNA 
sequence coding a heterologous protein. 
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5. DNA construct according to claim 5, wherein the 
first DNA sequence further contains at least one 
factor recognizing stresses caused by ABA, methyl 
jasmonate, wound, hypoxia, reactive oxygen species, 
heat or nitrogen. 

7 . A preparing method of transformed organisms 
producing a heterologous protein which comprises the 
steps of: 

1) Constructing an expression vector which comprises 
the first DNA sequence representing promoter 
activity which comprises nucleic acid sequence 
represented by the SEQ. ID NO . 2 or the part thereof 
operably linked to the second DNA sequence coding 
the heterologous protein, 

2) introducing the expression vector into a host cell; 
and 

3) selecting the host cell transfered with the 
expression vector . 

8. The preparing method according to claim 7, wherein 
the heterologous protein is selected from the group 
consisting of various proteins or peptides 
representing pharmacological effect and materials 
endowing stress-resistance to transformed organisms. 

9. The preparing method according to claim 1, wherein 

30 
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the host cell is plant cell, animal cell or 
microorganism. 

10. The preparing method according to claim 7, wherein 
the transformed organism is microorganism, plant 
cell, plant or callus derived therefrom 

11. A transformed tobacco callus prepared by the 
preparing method of claim 7 (Accession NO. ; KCTC 
0875BP) . 
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FIG. 2a 



c^cM«tcrauacccct:t:attrD0at:aa4«ixaGTcr«tftcaacta9accacflgaa^ -1740 

cuuici:aQaccacgoa4^torrafiict:t9inrcatTO«atrcax:ai:&t;^acr^ -1660 
cal:caacrttgacgo9caaaat»oat:aocatQi:«gco0ccKagnrcaaaarreaTae& 

ao«tgrccaagQg0accggcccg0tiMCtK0C96atatC«C0roC44Oan -156D 

ctrccci:aaat;rcctt:t:tatoctrt:tcrirct:«ctxgfti« -ISOo 

gtaaaCteaataataaraaacggrtrtccat^actxiiaMgcautxatatogtig -1449 

acaratrcc&TcgacaaagaaagccacggtgcaoBcgRcg&nccgacar cnaeaaec -1 sa(» 

^acaaggc catgatjcagar cgaraa^ac caaacggraQcaeet:aactaggcgaTatA'c&-t: - 1 320 

%acgxat^tca*Cte%txt«aBCt]gucracaaagacxarrccrccarcaat:tggt:acaaa -1260 

gaaMarcaaaca9Baaagaaagg«Aai«a&«gac«caceaiCCt»igcacc'tagajcaccxag -1200 

acaccaag^cxicaaacoctttatrcirttaacarceartTTcaoai^taaACacgagt^^ -1140 

acgaagaaggcotttgcaatxatXtoariMKngcm^gaiMactargaixieacccac - lOSO 

xCTgTcat tt LL ctcagaccaagacaacragcxtga ir LLH,L taiTcgcagtf rggircggaa - 1020 

cgtxtx ct gt:aarcaaaaaaa-caaugccgeati<::&rr atra^a tgg tagatrtzaagcaa-ng - MO 

aic»axcBac:gf:rraaTTxi:gcarcrat<;o0caaggrggagoa:cnaacccccaa«0aa -*gcm 

erragagagt:cat::tggagacctrcgacc«gxcaaccagggg^tcgaaaaccrgcacaact -MO 

cgagar txaa ttgcaxacct ct-ta tiaraxgacg eg tcrra r rrrrL ttt ccugaaaaca - TftO 

aTCtsgg&BaauaMagaatatgurXGrgtsgaaaticcaggccaaaacgaatgtcttrrtc -720 
atcgrtttvgtxaaaggnr&gaceautrracatttsgg^ccaacactcaaaciztigt^ 

t:ogTCgaaxraCT:agtxaircri:agacc«»icc9gctagcgcgacct;rc»gcxt:ccc -€O0 

agancgaca&rt^ca'tgg<:cagat:gcaaaiEit:t; tgaaarnaaxgxccgccaaaccccat: - S40 

cacacaccacaaca^^a-cgccccagggccaagcggcac^cagcaaacarKcroceataarc -ABO 

aat:t!t:i:rci:aai:0agaaggagoaaac;TbcacagcrarcacrjCgaagg eata-taatet-tgag ^^20^ 

caaacc txwc rctgr gs r tier agcrgacaaaaeaccgc aaga naaac cara ct:aag^xca - 16 0 

uiccaccrcaccgggnggcr cagat:t)ggt: t^nncaaxacaagagggggr grgaac cec - 3O0 

cgtgccgaccTc t:t^uaggg Acaat^A^oracggtcacgccaaccaagc^tga^trctxc -240 

lttgacaaate-tatXac:t:acaTaui:ca£ac:ggi:»:aaai:aatt!aateaaaM -UO 

9accc«Matta&agccccca«ecttccct;cuaiartctarrcaaMgaaaccruga^^ - 120 

aanca^cQcarccuaacccctrtetxcttcactrrctitaaxc^acarirn -6C 

A7«GCnTnC«TTCrCAJCTClWCTCAC?TC^ 4-60 

MAS3V $aUSLAt-5UIALALA 

0©CTACTCttTTTACCA<K.ACACACAGTCACK:CATOTA^^ +120 

GYS ir Q«T Q5^AW£SQP XKAL 

C«GCCTCGCTAC«3CTCCCCACCrrCCAATCTGCCA/MKTC^ +1*0 

PAW LQ LPT FQS AJJV LS VY P S 

60CC<;CAAATCCTCCCCCG CCOGCATGCTTTCC CACG AaGCTTCCCrrGTTCTCOG CCCTT ♦ 240 

GRK SS PAG^MCS 0£ ACV FS AV 

AAAGAAl7rTcrrCGACGCCGCCAT<:GATAACaAAACTC«L^^ +300 

KEV VD AAX DNE TR MGA SL 

CTCTT CTT CCACGATTCCnrTCTCGATg racg rarag t a^ac at a t aa tea t;g taaaacc ■+■ 560 

LFP H£> CFV D 

Ca-CaXa-caxanaracaratararatattcatgcacaaaaagcuataaxacTaaraCB-Gi +420 
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FIG. 2b 



cee«««ct:wtca«a«a«carcacacuiii:«a&ca.esattai:ai:c«Muccaai:ut&r -i-MO 

aflacttaa-ctaiatexaetratttaMictgooetjQgtaactctcco-ceaaeattgtttiittta -^600 
acaa-etogtucaact:aaMocaatta«aaca«rtBataMOTiuiaagft«ca«a«r«aewcaa +720 
accaocrtaagcrccccaaa-coaacgaac'ccaaaacaaaaaag'ecaataxg'caac'crccg +7«o 
t:ao«oaagceaaan'Caaaatxccacagrcaticaaaceaactoi:t:t:cavcaBccc*gcta ^040 
ogtWrKrcatrreaaaaaci^ateagacaMgoTg^BcatBaaacatrtaegcraBaacaa ■«-BCO 
aaottareacccaectsffccttataartgo-cgtacctaagctatseaeaeorecctwitcga +d60 
act:t»c«cgcc*«ac«rgtca«tat!gtcaa«tgctw:aa-eoaaa«at«x«atta»a«ae +102O 
ta<«»tc««ai:BcrBaa«:«tKTcei«ot»aaaarTiS8*a«BWetae6TTer«5*T«; i^iMO 

C C D A 

A«GCC:TTcrrTT-TaAAT(L\TACGGCGACGTTCACAC«ki^^ ^XIAO 

T T M O T AT FTG EQT A F6NL 
XAATTCCST«AfiACCCTTTiaASSTTATA6AACAAOTAAACAGAATeCACTA^ ♦iZOO 

HSV Pe VI EQA KQH A VAKC 

T«ClCATACACIXOTATCTT<rreCT<SACATTTTATCTATT<CTeCrC^^ ^12tO 
ADT PV *C AD ICS lAA ft D S F £ 

ACSo»«aaotcttcaata«cotfl«aT«agXflttaetBa«aa«Brcaat«rg«:ac««BTa 

gacat»tat«tarctairt*tctt«gt:atrtacartcaacaoTTTACTeG>yGCAACATACA t-LMo 

F S G A .T V 

CTBTO»CTTTAa«K««TCGATi5CBA«AACC«OiAACn>^ 

TVTL LOA AT AN LTC ANT Q 

TT«TC«GACCATC«asAAAACTT-<SACr(iAACAA6TCAOqyM^ flSOO 

LVGP SE HLT EQ VK KF« Jk SF 

ACeABAeBGAATTOGTCOCCrTGTTCGETrCACACACCCTAOOGTTTCCCAOATST^^ t-lSeO 
IHE «C UV ALL GS MT UCF AR C f 

TTTTATGT«Ai:AACA«aiWNACArTAACCC6<nTCCC«T«CCI^ 
VLCON R NTN PV av PSL NC 

CTOTAACrAATACrCACCCGeGrrrG6r«OGCTCCACCCCAC»CCC«WACA -flBEO 
FVTHT D P6L VG LD FTP OT FO 

AACgTrATTACrCrgAeCTACTCACcaSCX:AAeqcCr u.lU I I I tC CSACCAACACCTCA 4-1740 
QR VysD LV SOQCL LP SDQ QL 

TOAACAocAccMKAcc^sasAcacccn-cAcGAccTAccina^^ ^leoo 

»*N STTT SD AVT TV Ac SID TF 
TTttCCKACTTCaOCOGCCa:CATG(rrCAAaAT«AeCAAC^ +1*60 
LA OFAA AM V K VI S H LP PjJ A«v 

A(CTCaAAATCCCTGACarCT«>OCCM<nWATSACCSTCTCT«rTGCATCC + ^ o 

El- eiRO VC SRV WD VS V A S 
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FIG. 3 



ttaatttcaatattttgtctgtattttt -1828 
tttttagtactactcatgtcaaatcctgttacatataaaatatgttcaaattcactgaaa -J800 

rTraaatctataacctcttatttQ ataQaotcactcta tacaactaQaccacqqaattQt -1740 

GCN4 

caactagaccacggaattgttagcttgtttattgtattcacgtataattttgatgaatat -1680 

catcaactttgacgggcaaaatagatagcatgtggcggccacagtttcaaaattcaraca -1620 

agatgtcaaggggaccggcccggtggctgcgtgcatatcacgtgcaagatttgtgaaatt -1560 

CTttctagattccttttatccttttcttctttcttgaaaaaatagaaacagaaattatat -1500 

gtaaataaaataataataatatggtttccatactctatagcatatcatatggtgcattgc -1440 

acatatttcatcgacaaagaaagccacggtgcagacgctcgattttgacattttacaact -1380 

tacaaggccatgatcagatcgataataccaaatggtaccacctaactaggtgatatatat -1320 

t atqtatqtcattatrtt:a aacrqtattacaaaqactattttttcattaattggtacaaa -1260 
oct-1 

qaaaaattaaa cagaaaagaaaQqaaaaaataactcac cacctaqcacctaqacacctaq -1200 

HSTF GCN4 AP-1 

acaccaagtacccaaaccctctattttcaacatctattttcagatgtaaatatgagttgg -1140 
acgaagaaggtgttagcaattatttgattaatcttgctacgataattatgatccactcac. -1080 

ttaqtcattt ttttcaqaccaagacaactagcttgagttrtttattgtatgtggtcggaa 

AP-1 

cgtttttrgtaattaa aaaaataaa aqttqcatcattatatatggt aqatta^qt aanq 

cCAAT/enhancer 

at£aatcaacgtttaattttgcatttatcggca2ggtggaggttccaacttccagtcgaa 
CAAT box 

ctt aqaaaqtcattqqaq accttgaccagttaactagcggtgtcgaaaacctgcacaact 

GCN4 

rgagaTttaattgcatacc tttratatat qacqcq ttttattt ttttttcCtaqaaaara 

TATA box 

atttgqaa aaaaataaa aatatqtattctqTqaaagctaggccaaaacgaargtcttttc 

gtcgttttcgttaaaggtttagatcatatxtcatctggtccaacactcaaacttgtataa -660 

tggacgaattattagtcattttaga.cctaccggctagcgcgacttttttgttttccataa -600 

motif -P 

agattcgataattgcatggccagatgcaaagtttgaaatttaatgtttgccaaatcctat -540 

catacaccacaacacatgtctcaggacsaagtaflcaccagcaaacattcctgtcataatt -480 

G-box 

aatttttttaatgagaaggaggaaactcacagctattactcgaaggtatataatattgag -420 

taaatcttactttgtgattctagttgacaaaacaccgcaagataaactatactaagttca -360 

aarrarrrrarrgggrt-ggrrr;^garf gattttttcaatac aaaaqgqaatqtqa actcc -300 

SP-1 

cgtgccgacctcttrtgagggacaataatgracggtcacgccaaccaagctrgatttttt -240 

ctgacaaatatattactacatatattacacggtcaaataattaatcaa^aaataaaaaaa -180 

gaccccaattaaagtccccaaccactcrcaaatattctatttaagggaaaccttagaggc -120 

aattcatgcatcctcaaccccr-ecrtcrtcartttcttaatcttacattxtcctrtgacc -60 
ATGGCTTCCATTGTGAGTCGGCrCAGTCTTGCGCTAAGCCTCATAGCTCTAGCTCTAGCT ^60 
MASIV S RL SLA LS L IA LA LA 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 10a 
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FIG. 11a 
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SEQUENCE LISTINGS 

<110> KRIBB 

<120> A peroxidase genomic gene derived from Ipomoea batatas and a promoter thereof 

<130> Op-09-48 

<160> 13 

<170> KOPATIN 1.0 

<210> 1 

<211> 3742 

<212> DNA 

<213> Imopoea batatas 

<400> 1 

ttaatttcaa tattttgtct gtattttttt tttagtacta ctcatgtcaa atcctgttac 60 

atataaaata tgttcaaatt cactgaaact caaatctata acctcttatt tgatagagtc 120 

actctataca actagaccac ggaattgtca actagaccac ggaattgtta gcttgtttat 180 

tgtattcacg tataattttg atgaatatca tcaactttga cgggcaaaat agatagcatg 240 

tggcggccac agtttcaaaa ttcatacaag atgtcaaggg gaccggcccg gtggctgcgt 300 

gcatatcacg tgcaagattt gtgaaattct ttctagattc cttttatcct tttcttcttt 360 

cttgaaaaaa tagaaacaga aattatatgt aaataaaata ataataatat ggtttccata 420 

ctctatagca tatcatatgg tgcattgcac atatttcatc gacaaagaaa gccacggtgc 480 

agacgctcga ttttgacatt ttacaactta caaggccatg atcagatcga taataccaaa 540 

tggtaccacc taactaggtg atatatatta tgtatgtcat tattttaaac tgtattacaa 600 

agactatttt ttcattaatt ggtacaaaga aaaattaaac agaaaagaaa ggaaaaaatg 660 

1 



wo 01/31018 

actcaccacc tagcacctag acacctagac 
tctattttca gatgtaaata tgagttggac 
cttgctacga taattatgat ccactcactt 
ttgagttttt tattgtatgt ggtcggaacg 
tcattatata tggtagatta agtaattgat 
aaggtggagg ttcnaacttc cagtcgaact 
actagcggtg tcgaaaacct gcacaacttg 
gcgttttatt tttttttcct agaaaataat 
aaagctaggc caaaacgaat gtcttttcgt 
atctggtcca acactcaaac ttgtataatg 
gctagcgcga cttttttgtt ttccataaag 
ttgaaattta atgtttgcca aatcctatca 
ggcaccagca aacattcctg tcataattaa 
ctattactcg aaggtatata atattgagta 
caccgcaaga taaactatac taagttcaaa 
tttcaataca agagggggtg tgaactcccg 
cggtcacgcc aaccaagctt gattttttnt 
tcaaataatt aatcaaaaaa taaaaaaaga 
tattctattt aagggaaacc ttagaggcaa 
tttcttaatc ttacattttc ctttgaccat 



accaagtacc caaaccctct attttcaaca 
gaagaaggtg ttagcaatta tttgattaat 
agtcattttt ttcagaccaa gacaactagc 
ttttttgtaa ttaaaaaaat aaaagttgca 
caatcaacgt ttaattttgc atttatcggc 
tagagagtca ttggagacct tgaccagtta 
agatttaatt gcataccttt tatatatgac 
ttggaagaaa ataagaatat gtattctgtg 
cgttttcgtt aaaggtttag atcatatttc 
gacgaattat tagtcatttt agacctaccg 
attcgataat tgcatggcca gatgcaaagt 
tacaccacaa cacatgtctc agggccaagt 
tttttttaat gagaaggagg aaactcacag 
aatcttactt tgtgattcta gttgacaaaa 
tcacctcacc gggttggctc agattggttt 
tgccgacctc ttttgaggga caataatgta 
gacaaatata ttactacata tattacacgg 
ccccaattaa agtccccaac cactctcaaa 
ttcatgcatc ctcaacccct tcttcttcat 
ggcttccatt gtgagtcggc tcagtcttgc 
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gctaagcctc atagctctag ctctagctgg ctactccatt taccagcaca cacagtcagc 1920 

catggagagc cagcccatca aggctctccc ggcgtggcta cagctcccca cgttccaatc 1980 

tgccaacgtg ttatcgtatt atccgagtgg ccgcaaatcc tcccccgccg gcatgctttc 2040 

cgacgaagct tgcgtgttct ccgccgttaa agaagttgtc gacgccgcca tcgataacga 2100 

aactcgcatg ggggcttccc tcattcgtct cttcttccac gattgctttg tcgatgtacg 2160 

tatagtatac atataattat gtaaaaccta tatatatata tatatatata tatatacatg 2220 
cacaaaaagt ttataatact aatatatacc catacttttt gcatatcatt atatatatta • 2280 

acacgattat attaaaaacc aataatatat tatatatata tatatagtta actatctttt 2340 

ctttcacttt cttatcactt tttaaattgt taaatctaaa aattaattgt tattttattg 2400 

aattttttct attttctatt ttgtttaaag acttaattat actattattt aactgggctg 2460 

gtaactttcc gtcaatattg tttatttaac aattgtaaca attaaaacca attgtaacaa 2520 

tagtacgtaa aagatcaaag tgacataaac cagcttaagt tttttaaatg gacgaactca 2580 

aaacaaaaaa gtcaatatgt aatttcggta gagaagtcaa atttaaaatt tcatagttat 2640 

caaatcaatt gttttatcaa cccagctagg ttgnctattt caaaaactaa ttagacattg 2700 

gtgtgcatga aacattacgt taaaacaaaa gtcatcaccc acctcgtctt ataattggtg 2760 

tacctaagtt atcacacgtt cctgtcgaac ttacacgcca aacatgtcaa tatgtcaaat 2820 

gctttaatga aaaatattat tagattatta tttatctaat actaaatttt cttcttcgta 2880 

aaaatttgtg tgtattaggt tgtgatgcag ggcttctttt gaatgatacg gcgacgttca 2940 

caggggaaca aactgcattt ggcaatctta attccgtgag agggtttgag gttatagaac 3000 

aagctaaaca gaatgcagta gctaaatgtg ccgatacacc cgtatcttgt gctgacattt 3060 

tatctattgc tgctcgtgat tctttcgaac gggtaagtct tcaatatcgt gtataagtgt 3120 
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tactaataat gtcaatatgt tacatgtaga catgtattta tttattttct ttgtatttac 3180 

attcaacagt ttagtggagc aacatacact gtgactttag ggcgactcga tgcgagaacc 3240 

gcgaacttaa ccggagctaa tacccagctt gtcggaccat cggaaaactt gactgaacaa 3300 

gtcaggaaat ttggcatcaa aggatttaac gagagggaat tggtcgcctt gttgggttca 3360 

cacacgctag ggtttgccag atgtccggtt ttatgtgaca acagaaacat taacccggtt 3420 

cgggtccccg gtctgcaatg caactgtcct gtaactaata ctgacccggg tttggtcggg 3480 

ctggacccca cacccgatac attcgaccaa cgttattact ctgacctagt cagcggccaa 3540 

ggcctcctgt tttccgacca acagctgatg aacagcacca ccaccagcga cgccgtgacg 3600 

acgtaccgtg actccataga caccttcctt gccgacttcg ccgccgccat ggtcaagatg 3660 

agcaacctgc ctccgtccgc cggagttgag ctcgaaatcc gtgacgtctg cagccgggtg 3720 

aatgacgtct ctgttgcatc eg 3742 

<210> 2 

<211> 1828 

<212> DNA 

<213> Imopoea batatas 

<400> 2 

ttaatttcaa tattttgtct gtattttttt tttagtacta ctcatgtcaa atcctgttac 60 

atataaaata tgttcaaatt cactgaaact caaatctata acctcttatt tgatagagtc 120 

actctataca actagaccac ggaattgtca actagaccac ggaattgtta gcttgtttat 180 

tgtattcacg tataattttg atgaatatca tcaactttga cgggcaaaat agatagcatg 240 

tggcggccac agtttcaaaa ttcatacaag atgtcaaggg gaccggcccg gtggctgcgt 300 

gcatatcacg tgcaagattt gtgaaattct ttctagattc cttttatcct tttcttcttt 360 
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cttgaaaaaa tagaaacaga aattatatgt 
ctctatagca tatcatatgg tgcattgcac 
agacgctcga ttttgacatt ttacaactta 
tggtaccacc taactaggtg atatatatta 
agactatttt ttcattaatt ggtacaaaga 
actcaccacc tagcacctag acacctagac 
tctattttca gatgtaaata tgagttggac 
cttgctacga taattatgat ccactcactt 
ttgagttttt tattgtatgt ggtcggaacg 
tcattatata tggtagatta agtaattgat 
aaggtggagg ttcnaacttc cagtcgaact 
actagcggtg tcgaaaacct gcacaacttg 
gcgttttatt tttttttcct agaaaataat 
aaagctaggc caaaacgaat gtcttttcgt 
atctggtcca acactcaaac ttgtataatg 
gctagcgcga cttttttgtt ttccataaag 
ttgaaattta atgtttgcca aatcctatca 
ggcaccagca aacattcctg tcataattaa 
ctattactcg aaggtatata atattgagta 
caccgcaaga taaactatac taagttcaaa 



aaataaaata ataataatat ggtttccata 
atatttcatc gacaaagaaa gccacggtgc 
caaggccatg atcagatcga taataccaaa 
tgtatgtcat tattttaaac tgtattacaa 
aaaattaaac agaaaagaaa ggaaaaaatg 
accaagtacc caaaccctct attttcaaca 
gaagaaggtg ttagcaatta tttgattaat 
agtcattttt ttcagaccaa gacaactagc 
ttttttgtaa ttaaaaaaat aaaagttgca 
caatcaacgt ttaattttgc atttatcggc 
tagagagtca ttggagacct tgaccagtta 
agatttaatt gcataccttt tatatatgac 
ttggaagaaa ataagaatat gtattctgtg 
cgttttcgtt aaaggtttag atcatatttc 
gacgaattat tagtcatttt agacctaccg 
attcgataat tgcatggcca gatgcaaagt 
tacaccacaa cacatgtctc agggccaagt 
tttttttaat gagaaggagg aaactcacag 
aatcttactt tgtgattcta gttgacaaaa 
tcacctcacc gggttggctc agattggttt 
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tttcaataca agagggggtg tgaactcccg tgccgacctc ttttgaggga caataatgta 

cggtcacgcc aaccaagctt gattttttnt gacaaatata ttactacata tattacacgg 

tcaaataatt aatcaaaaaa taaaaaaaga ccccaattaa agtccccaac cactctcaaa 

tattctattt aagggaaacc ttagaggcaa ttcatgcatc ctcaacccct tcttcttcat 
tttcttaatc ttacattttc ctttgacc 



<210> 3 

<211> 12 

<212> PRT 

<213> Imopoea batatas 

<400> 3 

Asn Asn Asn Ser Ala Cys Gly Thr Gly Asn Cys Met 

1 5 10 



<210> 4 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> forward primer 1 

<400> 4 

acgcgtcgac cttactttgt gattcta 27 

<210> 5 

<211> 28 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> forward primer 2 



1620 
1680 
1740 
1800 
1828 
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<400> 5 

acgcgtcgac aatggacgaa ttattagt 

<210> 6 

<211> 26 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> forward primer 3 

<400> 6 

acgcgtcgac ggtcggaacg tttttt 

<210> 7 

<211> 27 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> forward primer 4 

<400> 7 

acgcgtcgac ccatgatcag atcgata 

<210> 8 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> forward primer 5 

<400> 8 

acgcgtcgac aatattttgt ctgtatt 

<210> 9 
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<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> reverse primer 1 

<400> 9 

cgggatccgg tcaaaggaaa at 

<210> 10 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> NPTII primer 1 

<400> 10 
gaggctattc ggctagatg 

<210> 11 
<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> NPTII primer 2 
<400> 11 

atcgggagcg gcgataccgt a 

<210> 12 
<211> 18 

<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> promoter primer 1 

<400> 12 
ccattgatca gatcgata 

<210> 13 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> promoter primer 2 

<400> 13 
ggtcaaagga aaatgtaag 
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